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INTRODUCTION. 
In  the preceding paper  are  described the lesions which  follow the 
inoculation of certain non-hemolytic streptococci into the skin of the 
rabbit; such lesions begin to decrease in size after 24 to 48 hours but 
in over 50 per cent of animals show a  recrudescence of activity about 
the 8th or 9th day.  This phenomenon we have termed the secondary 
reaction.  It usually fails to occur in animals which have been previ- 
ously inoculated with any variety of streptococcus within a period of 9 
weeks.  Reasons have been given for attributing this secondary reac- 
tion  either  to  a  toxic  product  of  the  streptococci  which  for  some 
reason takes a  number of days to exert its action, or more probably to 
an antigen-antibody reaction, analogous perhaps to  the Arthus  phe- 
nomenon. 
Arthus (1) noted that rabbits immunized  against horse serum would show an 
acute local inflammatory reaction in response to a  subcutaneous  injection of horse 
serum which produced no such effect when injected into a normal animal.  In a 
recent study of this phenomenon, Opie (2) concluded that  the inflammatory reac- 
tion depended upon the formation of a toxic product when antigen and antibody 
were brought together in suitable proportions, because he found that the intensity 
of the  Arthus  phenomenon  was  roughly parallel  to  the  intensity of .precipitin 
formation.  An inflammatory reaction  resulted not only  when antigen was in- 
jected into an animal the body fluids of which  contained antibody, but also when 
antibody was injected locally into a rabbit  which had very recently received an 
injection of antigen and which  probably still contained that  antigen in its body 
fluids; acute infl mmafion also  followed the subcutaneous  injection of an in vitro 
mixture of antigen and antibody. 
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Although it was shown by us that no bacteria could be grown from 
the skin lesions at the time of the secondary reaction, still it is easily 
comprehensible that antigen in the shape of dead microorganisms or 
degradation products thereof might still be present locally.  With the 
knowledge  that  antibodies  usually  are  first  demonstrable  about  8 
days after a  primary inoculation the hypothesis naturally suggested 
itself that the secondary reaction might be the result of the union of 
these  antibodies  and  some  locally  persisting  antigenic  substance, 
which formed a new irritating compound.  The fact that this reaction 
was demonstrable in rabbits gave additional support  to an analogy 
with  the  Arthus  phenomenon.  In  considering  this  hypothesis we 
fully realize that it is not always possible to apply our knowledge of 
other forms of allergy to  that obtained with bacteria and bacterial 
products. 
This  possible  analogy  between  the  secondary  reaction  and  the 
Arthus phenomenon seemed open to experimental study.  If similar 
conditions held good in the two cases we should expect to find (1) that 
injections of streptococcal antigen into an animal having antibodies in 
its body fluids would provoke an inflammatory reaction not shown by 
a  normal animal;  (2)  that  injection of antibody into an animal the 
fluids or tissues of which contained streptococcal antigen would pro- 
voke an inflammatory reaction; (3)  that mixtures of streptococci and 
antibody would give rise to more inflammation than was caused by 
either alone; (4)  that some quantitative relation would be found be- 
tween the occurrence of a  secondary reaction in an animal and the 
antibody formation by that animal. 
The technique used in the following experiments was the same as 
that described in the preceding paper. 
EXPERIMENTAL. 
I.  Attempt to Alter the Reaction of a Rabbit's Skin to Green Streptococci 
by Giving Homologous Immune Serum Locally before Inoculation. 
Two rabbits received intradermaUy ½  co. of immune rabbit serum produced by 
weekly  intradermal immunization; six injections in all had been given in the process 
of immunization and the resulting agglutinin titre of the serum  against Strain V92 
was  1:2560.  On  the following day live green streptococci, Strain  V92, were 
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approximately the same size  (50  and  55  mm.)  as in two control animals (52 and 
53  ram.).  Moreover, the serum  had apparently no inhibiting effect on  the de- 
velopment of a secondary reaction, as one of the  two animals had a typical second- 
ary reaction at the usual time, that is on the 9th day. 
H.  Attempt  to  Precipitate  a  Secondary  Reaction  by  Giving  Immune 
Serum Intravenously  a Few Days before the Reaction  Was Due. 
Two rabbits were given an intravenous  injection of 5 cc. of antistreptococcus 
immune serum similar to that used in Experiment I, 5 days after they had received 
an  intradermal injection of  green  streptococci  (V92).  No  immediate reaction 
occurred at the site of the skin lesions.  One of the two showed a secondary reac- 
tion at the usual time (10th day); the other showed no secondary reaction.  Since 
it was possible that 5 cc. might be an insufficient quantity of serum,  two other 
rabbits were each given 45 cc. of immune serum  intravenously 4 days after intra- 
dermal inoculation; this serum was also prepared by intradermal immunization of 
rabbits, but  had  an  agglutinin titre  of only  1:640  against  Streptococcus V92. 
Results similar to those observed in the first  group were obtained.  Neither animal 
showed  an  accelerated  secondary reaction;  one  showed  no  secondary reaction; 
the other gave a somewhat late reaction on the 13th day. 
III.  Attempt to  Precipitate  a  Secondary  Reaction  by Giving  Immune 
Serum Locally a Few Days before the Reaction Was Due. 
By giving immune serum at the site of the lesions, it was hoped to obtain a 
greater local concentration of antibodies than was possible afterintravenons pas- 
sive  immunization.  Three  animals  were,  therefore,  injected  intradermally  in 
two  places with  green  streptococci; 5  days  later, one rabbit, and  the following 
day the other two, were each  given 0.2 cc. of homologous immune serum at the 
site of one lesion and 0.2 cc. of normal rabbit serum at the site of the other.  Aside 
from the slight local  reaction usually seen in  any rabbit when serum  is injected 
intradermally, no  rabbit showed  any immediate response  suggesting a premature 
secondary reaction.  Two of the  rabbits showed no  secondary reaction; the third 
showed typical reactions in both lesions on the 9th  and 10th days respectively. 
IV.  Effect  of Injection of Mixtures of Streptococci and Immune 
Serum into Normal Rabbits'  Skins. 
The sediment of  5  cc.  blood  broth  culture of  green  streptococci, Strain V92, 
was mixed in vitro with  immune  sera  prepared by intravenous  or  intradermal 
inoculation of rabbits with the homologous organism.  The mixture was inoculated 
into four rabbits.  For controls, mixtures of bacteria  with  saline, bacteria with 
normal rabbit serum, and bacteria with heterologous green  streptococcus immune 5~  NON-HEMOLYTIC  STREPTOCOCCI.  II 
serum were used.  The  maximum size  of the  lesions at the end  of 24 hours is 
shown in Table I. 
It is evident from Table I  that the lesions resulting from mixtures of 
bacteria and immune serum were no larger than those following inocu- 
lation  of organisms  alone,  or  of  mixtures  of  organisms  and  normal 
TABLE I. 
Effect on lhe Si~e of the Lesions Produced in Rabbits' S~ins of Mixing Various Sera 
wilk the Slreptococci  Injected. 
Size of lesion  Rabbit No.  Serum used.  (sum of diameters). 
None. 
Normal rabbit, 
Homologous streptococcus.* 
None. 
Normal rabbit. 
Homologous streptococcus.* 
None. 
Normal rabbit. 
Homologous streptococcus.* 
Heterologous  "  * 
None. 
Normal rabbit. 
Heterologous streptococcus.* 
39 
38 
27 
32 
47 
36 
30 
26 
39 
35 
34 
29 
43 
34 
21 
21 
* Immune serum produced by intravenous inoculation. 
t  ........  intradermal  " 
serum.  They were, in fact, always slightly smaller  than the controls. 
Measurements of these lesions at the end of 48 and  72  hours,  and of 
lesions resulting from inoculation of the sediment from 0.5 and 0.05 cc. 
of culture with the same amount of serum confirmed these results.  If 
this is evidence of any protective power in the serum it was apparently 
not specific.  This point was, however, not studied in detail. C. L. DERICK  AND  C. H. ANDREWES  59 
V. Attempts  to  Correlate the  Appearance of the  Secondary Reaction 
with the Production of Immune Bodies. 
We next endeavored to determine whether immune bodies could be 
demonstrated in a  rabbit's  serum after one intradermal injection of 
the sediment from 5 cc. blood broth culture streptococci, and whether 
the degree of antibody formation was related in any way to the second- 
TABLE  II. 
Retationskip between Agglutinin  Production and Occurro;ce of Secondary Reaction. 
Rabbit 
No.  reed. 
1  Strain "1"4 
2  "  Vll0A 
3  "  V110A 
4  "  V92 
5  "  V92 
6  "  V92 
7  "  V92 
8  "  V92 
9  "  V92 
10  "  Vll0A 
11  "  "1"4 
12  "  Vl10A 
13  "  T4 
14  "  V92 
15  "  Vll0A 
.$ 
+  10 
+  11 
+  10 
+  8 
+  6 
+  9 
10 
9 
7 
10 
0  -- 
0  -- 
Green siieptococcus 
6  8  9 
o  o  ++ 
•  ++ 
0 
0 
0 
0  0  0 
o  o  ++ 
0 
0 
0 
o  +  ++ 
0  0  0 
0  0  0 
0  ,  , 
0  0  0 
4- 
.4-- 
4- 
0 
0 
0 
In the agglutinin column q- q- means 
Agglutinins peesent. 
Days after inoculstion. 
I0  II 
agglutination up to  :80 to  1:150. 
0 
++ 
ary reaction.  Agglutinins were chiefly studied; for obtaining stable 
suspensions of streptococci we used the technique described by Dochez, 
Avery, and Lancefield (3). 
The  results  summarized in  Table  II  indicate  that  there  was  no 
absolute correlation between the ability of a rabbit to give a secondary 
reaction and its power to form agglutinins in demonstrable concen- 
tration.  Thus,  in  only  two  out  of  six  rabbits  showing  a  definite 
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TABLE  IIL 
Rdationship  between Agglutinin  Produc,tion  and Occurrence of Secondary Reaction. 
Time of bleeding  with reference  to inoculation. 
Relative 
strength 
Rabbit  Days  I  Days after,  ofa.~u- 
No  ]befl?e  __5  7  8 
6 
+  +++ 
1 
++++ 
10 
12 
9 
16 
+ 
3 
4 
.++. 
I-+4 
.++. 
+ 
10 
13 
+ 
++ 
14 
9 
++ 
+ 
-++ 
8 
~-+-I 
13 
-++ 
4 
++ 
++ 
++t 
15 
-4- 
++ 
+ 
7 
++ 
Agglutinin strength indicated by figures (see text). 
Intensity of secondary reaction indicated as follows: 
0 indicates no secondary reaction. 
4-  "  an increase of less than 3 ram. 
+  "  "  "  "  4- 6 mm. 
+  +  ........  7-  9  " 
-4- +-4-  .......  '  10-12  " 
+  +  +  +  ......  "  13 ram. or more. 
(e) means lesion excised. 
(?) means serum lost. C.  L.  DERICK  AND  C.  H.  ANDREWES 
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Time of bleeding with reference to inoculation. 
Rabbi1  !ay  Days after. 
NO.  :orl 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
!  5 
0 
0  3 
0 
0 
0 
0 
0 
0  3 
I  • 
0  o 
0 
7 
10 
7 
3 
3 
=t= 
13 
0 
0 
11  14 
10  , 
13  . 
•  6 
+  • 
12 
17 
12 
1 
9  . 
(2)  . 
0  ( 
0 
I 
Relatlve 
strength 
of ag~lu- 
tinm 
~rodue- 
tiom 
15 
6  13 
6  11 
•  20 
•  6 
10 
•  9 
2  21 
5  17 
11  7 
16 
19 
9th or 10th day; in one out of four rabbits giving a doubtful secondary 
reaction equally as strong agglutinins  were present on the 9th and 11th 
days, while the other three developed no agglutinins at the time of the 
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tions  one  gave  a  good  agglutinin  titre,  the  other  four gave  none. 
While  a  lack  of absolute  correlation between  these  two reactions is 
indicated  by  this  table,  there  seems  to  be  some  rough  parallelism 
between the proportion of rabbits giving both reactions positive and 
both negative.  The criticism can, however, be made that the sera of 
these animals  was not  tested frequently enough  to demonstrate im- 
mune body formation. 
A  more  extensive single  experiment was,  therefore, performed  to 
test this point. 
Twenty-one rabbits  were each inoculated  in two  places with the sediment  of 
5 cc. of 18 hour culture of Strain V92 and the course of the skin reaction charted as 
usual.  All of the animals  were bled before inoculation;  half of them were subse- 
quently bled on the 6th, 8th,  10th, and  14th days,  the other half on the 7th, 9th, 
llth, and 15th  days respectively;  when  secondary  reactions  occurred before  this 
period  the  rabbits  were  also  bled  at  this  earlier  time.  All  of  the  sera  were 
stored  in  the  cold,  and  tested  simultaneously  for  agglutinins  against  the 
same suspension of Strain V92.  Each sermn was diluted 1:20, 1:40, 1:80, 1:160, 
and  incubated 2  hours at  56  °.  Immediate  readings  were  made  and  recorded. 
Tests  repeated  on  2  different  days  confirmed  one  another.  For  purposes  of 
comparison  the  number  of  +  marks  obtained with  each  serum  were  added, 
the  sum  multiplied  by  the  factor  2  to  eliminate  fractions,  and  the  final 
product entered  as  the  intensity  of agglutinin  formation  for  each  animal  on 
a given day.  While this method is not absolute it does give a good comparative 
index of agglutinin  content of each  serum.  The intensity of the secondary reac- 
tion is charted by a series of pluses.  We thus have a comparison of the agglutinin 
curve in each rabbit with  the intensity of the  secondary  reaction over its entire 
period. 
In Table III the results obtained with various animals are arranged 
from above downward according to the time of appearance, intensity, 
and duration of the secondary reaction in each rabbit.  In the right 
hand column is shown the comparative intensity of agglutinin forma- 
tion  of  each  rabbit  during  the  period  of  observation.  Although 
a  very rough correlation between the intensity of the  two  reactions 
may  possibly  be  seen,  a  detailed  analysis  indicates  that  three  of 
the  five rabbits  having  the  most  marked  secondary  reactions  were 
below  the  median  in  agglutinin  formation;  while  four of  the  seven 
rabbits showing a  +  or -4- secondary reaction were above the median. 
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ary reaction; hence the experiment may be criticized from the stand- 
point of negative control; but the results in general indicate a lack of 
correlation  between  the  formation  of  humoral  antibodies  and  the 
intensity of the secondary reaction. ~  This was also confirmed by test- 
ing these sera for precipitins against nucleoprotein and soluble specific 
substance prepared  from Strain  V92, when a  complete  disagreement 
between precipitin formation and secondary reaction was found. 
DISCUSSION. 
In five different types of experiments we have attempted to test the 
hypothesis  that  the  secondary  reaction  might  be  explained  on  the 
lines of a  local anaphylaxis comparable with the Arthus phenomenon. 
In none did we obtain any support of this hypothesis.  No accelerated 
reaction was brought about in infected animals by introducing immune 
serum intravenously or locally; antigen-antibody  mixtures produced 
no unusual reactions; no relation could be found between the second- 
ary reaction and agglutinin or precipitin production. 
In view of what has already been demonstrated by Zinsser (4) and 
his  coworkers concerning  the  tuberculin  reaction  and its relation  to 
antibody formation on the part of a tuberculin-sensitive animal, it was 
perhaps too much to expect that the Arthus phenomenon would find 
a close analogy in the cutaneous phenomena associated with an infec- 
tion.  In one case we are  dealing  with a  coagulable protein,  in  the 
other with bacteria or bacterial products; hence we are not justified 
in concluding from our negative results that the secondary reaction is 
not allergic in nature.  It is, indeed, well recognized that two types of 
hypersensitive reactions may be demonstrated in the skins of animals: 
in one the response is rapid and largely exudafive in nature, best exem- 
plified in  the  urticarial  wheal; in the other the  response is slower in 
appearance and characterized by more proliferation of the fixed tissue 
elements.  We are  unable  to  state  from  our  experiments  that  the 
proliferative response seen at the time of the secondary reaction is not 
1  It is probable that the difference in the number of negatively reacting animals 
summarized in Tables n  and III is due to the fact that the first group received a 
single inoculation while the second group received two.  We have recently demon- 
strated that results are much more uniform when two inoculations of $ cc. each are 
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due to the union of some product of the bacterial cell and an antibody 
present in the tissue cells, which antibody we are unable to recognize 
and work with in the same manner as we can with the usual humoral 
antibodies.  In any event it would seem that  the secondary reaction 
is  analogous  rather  to  the  tuberculin  reaction  than  to  the  Arthus 
phenomenon, and experiments are now under way with this last view- 
point in mind. 
SUMMARY. 
An attempt has been made to interpret  on the lines of the Arthus 
phenomenon  the  secondary  reaction  which  follows the  intradermal 
inoculation  of  certain  non-hemolytic  streptococci into  rabbits;  but 
evidence in support of this interpretation of the reaction has not been 
obtained.  The  facts  make it  seem probable  that  if  this  secondary 
reaction is due to a  hypersensitive state it must be one more closely 
allied to the tuberculin reaction than to the Arthus phenomenon. 
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